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Description
Technical Field

[0001] Embodiments of the present disclosure generally relate to the field of Communications, and more specifically
to a method and apparatus for the transmission of uplink control information.

Background Techniques

[0002] Machine Type Communications (MTC), also called Machine to Machine (M2M), are, at this stage, the primary
form of application for the Internet of things. The MTC equipment that the current market deploys is mainly based on
Global System of Mobile Communications (GSM). In recent years, due to the high spectral efficiency of Long-Term
Evolution (LTE) / Long-Term Evolution Advanced (LTE-A), more and more mobile operators are choosing LTE / LTE-A
for the future of broadband wireless communication systems. Much LTE/LTE-A-based MTC technology will also become
more attractive. The coverage for MTC User Equipment (MTC UE) in the requirements of the related art ought to be
strengthened, along with its reuse capacity, as the volume of MTC UE is relatively large. For MTC UE, the current
consensus is that uplink only supports physical uplink shared channel (PUSCH) transmission. There is no technique in
the related art, however, that uses the PUSCH format to transmit only the uplink control information HARQ-ACK corre-
sponding to the downlink information.

[0003] There has not yet been a solution that solves the problem in the related art of not being able to transmit HARQ-
ACK on the PUSCH.

Contents of the Present Embodiments

[0004] Embodiments of the present disclosure provide a method and apparatus for the transmission of uplink control
information, and, at the very least, solve the problem in the related art of not being able to transmit HARQ-ACK on the
PUSCH.

[0005] One aspect of the present embodiments provides a method to transmit uplink control information, which com-
prises: receiving downlink information; utilizing the predefined PUSCH format to transmit HARQ-ACK corresponding to
the downlink information.

[0006] Alternatively, when only HARQ-ACK is transmitted, the encoding mode within the PUSCH format is repetition
coding.

[0007] Alternatively, when only HARQ-ACK is transmitted, the modulation mode within the PUSCH format is preset
binary phase-shift keying (BPSK) modulation or quadrature phase-shift keying (QPSK) modulation.

[0008] Alternatively, the preset BPSK comprises: first position element modulations with a constellation point of {1,
-1}, and second position element modulations with a constellation point of {j, -j}, wherein the first position elements
comprise elements with an even-numbered position in the modulation sequence, and the second position elements
comprise elements with an odd-numbered position in the modulation sequence, or wherein the first position elements
comprise elements with an odd-numbered position in the modulation sequence, and the second position elements
comprise elements with an even-numbered position in the modulation sequence.

[0009] Alternatively, when only HARQ-ACK is transmitted, the PUSCH format has a time domain of X milliseconds
(ms) and the frequency domain of a single subcarrier.

[0010] Alternatively, the value of the X is predetermined, wherein that predetermined value is 2ms, 3ms, or 4ms; or
the value of X may be larger than 1ms and a multiple or divisor of 12; or, the value of X may correspond to the shortest
time domain length of the physical downlink shared channel (PDSCH); or, the value of X may be the shortest time domain
length of the PUSCH that is only transmitting data; or, the value of X may correspond to the shortest time domain length
for single carrier PUSCH transmission; or, the value of X may be the value indicated by the signaling, wherein such
signaling include at least one of the following: system information block (SIB) signaling; radio resource control (RRC)
signaling; DCI corresponding to the PUSCH; DCI corresponding to the PDSCH.

[0011] Alternatively, the frequency domain position of a single subcarrier is predetermined or is indicated by the
signaling, wherein such signaling include at least one of the following: SIB signaling; RRC signaling; DCI corresponding
to the PUSCH; DCI corresponding to the PDSCH.

[0012] Alternatively, when HARQ-ACK and scheduling request (SR) are simultaneously transmitted, PUSCH will first
concatenate HARQ-ACK and SR before encoding them.

[0013] Alternatively, when HARQ-ACK and SR are simultaneously transmitted, PUSCH will employ the first scrambling
sequence; when only HARQ-ACK is transmitted, PUSCH will employ the second scrambling sequence.

[0014] Alternatively, when HARQ-ACK and uplink data are simultaneously transmitted, the PUSCH channels are
interleaved: the encoded HARQ-ACK sequence is mapped to a predefined position on the channel interleaving matrix
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according to the order of column then row; or, the encoded HARQ-ACK sequence is mapped to a predefined position
on the interleaving matrix according the order of row then column.

[0015] Alternatively, the mapping of the encoded HARQ-ACK sequence to a predefined position on the interleaving
matrix in the order of column then row comprises: starting at the Y column and using the order of column then row to
map the HARQ-ACK sequence to a predefined position on the interleaving matrix, wherein Y is an integer greater than
or equal to 0.

[0016] Alternatively, the mapping of the encoded HARQ-ACK sequence to a predefined position on the interleaving
matrix in the order of row then column comprises: starting at the Z column and using the order of row then column to
map the encoded HARQ-ACK sequence to a predefined position on the interleaving matrix, wherein Z is an integer
greater than or equal to 0.

[0017] Alternatively, the predefined position is the column {K (j’) +12*i} within the interleaving matrix within the PUSCH
format, wherein the columns are positive integers, and i and j’ are integers greater than or equal to 0.

[0018] Alternatively, the value of i is equal to 0,1,...,N-1; or, i is equal to 0, cell (N/2), 1,cell(N/2)+1,2,cell(N/2)+2, ...,
cell (N/2) -1,N-1; or, i is equal to 0,1, ...,N-1 of any value ; N is equal to the number of orthogonal frequency division
multiplexing (OF DM) symbols corresponding to the PUSCH format divided by 12 and then rounded up to the next whole
integer; the value of K (j’) is equal to 2,3,8,9, wherein the value of j' is 1,2,3,4 or, 1,3,2,4 ; or the value of K (') is equal
to 1,2,3,4,5,6, wherein the value of ' is 1,2,3,4,5,6 ; or the value of K (j’) is equal to 1,2,3,4,5,6,7,8,9,10,11,12, wherein
the value j'is 1,2,3,4,5,6,7,8,9,10,11,12.

[0019] Alternatively, receiving downlinkinformation comprises: receiving downlink information in the downlink subframe
{n,...,n+M}; using a predefined PUSCH format to transmit a HARQ-ACK corresponding to the downlink information,
which comprises: transmitting the HARQ-ACK corresponding to the downlink information in the uplink subframe {k,...,k+X-
1}, wherein n is an integer equal to or greater than 0, and M is an integer greater than or equal to 0.

[0020] Alternatively, the value of k comprises one of the following: k=n+4*X ; k=n+M+4 ; the value of k is determined
by at least one of the following: the scheduling window of the downlink information, the position of the downlink information
within the scheduling window, the signaling configuration.

[0021] Alternatively, the preset subframe index corresponding to the uplink subframe k is an integer multiple of X.
[0022] Alternatively, when the value of k is determined by the scheduling window of the downlink information, and the
downlink information is at scheduling window t, the uplink subframe k is located at scheduling window t+2 ; or, when the
value of k is determined by the scheduling window of the downlink information, and the downlink information is at
scheduling window t, the uplink subframe k is located at scheduling window t+1 ; or, when the value of k is determined
by the scheduling window of the downlink information and the position of subframe n+M within the scheduling window,
if the position of subframe n+M is located before subframe L in scheduling window t, then the uplink subframe k is located
at scheduling window t+1, or else it is located at scheduling window t+2; wherein t is an integer greater than or equal to
0, and L is a preset positive integer.

[0023] Alternatively, the uplink subframe k that is located within the scheduling window comprises: k is a subframe
corresponding to the start of the scheduling window; or, k is composed of a subframe corresponding to the start of the
scheduling window plus the first offset, wherein the first offset is determined by at least one of the following: the position
of the downlink information within the scheduling window, the value of X, or the second offset, with the second offset
being configured by signaling.

[0024] Another aspect of the present embodiments provides an apparatus for the transmission of uplink control infor-
mation, which comprises: a receiver module configured to receive downlink information; a transmitter module configured
to use the predefined PUSCH format to transmit a HARQ-ACK corresponding to the downlink information.

[0025] Anotheraspectof the present embodiments provide a computer storage medium, wherein the computer storage
medium stores execution instructions, wherein such execution instructions are used to implement one of the steps listed
in the methods of the present embodiments or a combination thereof.

[0026] Theimplementation of the current embodiments comprises receiving downlink information, using the predefined
PUSCH format to transmit a HARQ-ACK corresponding to the downlink information; the presentinvention thereby solves
the problem in prior art of not being able to transmit HARQ-ACK on the PUSCH format.

Brief Description of the Drawings

[0027] The drawings described herein are provided in the interest of deepening the understanding of the current
embodiments, and constitute one part of this application. The present invention’s illustrative embodiments and the
explanations thereof are provided to further explain the present invention, and do not serve to limit it. The drawings:

FIG. 1 is a flowchart describing the method of uplink control information transmission outlined in the present em-
bodiments;
FIG. 2 describes the processing of PUSCH in the LTE system of related art;
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FIG. 3 is a mapping diagram of a time-frequency domain of PUSCH data and uplink demodulation reference signal
during the conventional cyclic prefix in the LTE system of related art;

FIG. 4 is a mapping location diagram of uplink control information when it is transmitted on PUSCH in the LTE
system of related art;

FIG. 5is achannel coding process diagram describing when uplink control information and uplink data are multiplexed
in the LTE system of related art;

FIG. 6 is schematic diagram (1) based on the HARQ-ACK sequence mapping in the present embodiments;

FIG. 7 is schematic diagram (2) based on the HARQ-ACK sequence mapping in the present embodiments;

FIG. 8 is schematic diagram (3) based on the HARQ-ACK sequence mapping in the present embodiments;

FIG. 9 is a schematic diagram (1) based on the transmission of HARQ-ACK response information in the present
embodiments;

FIG. 10 is a schematic diagram (2) based on the transmission of HARQ-ACK response information in the present
embodiments;

FIG. 11 is a schematic diagram (3) based on the transmission of HARQ-ACK response information in the present
embodiments;

FIG. 12 is a schematic diagram (4 based on the transmission of HARQ-ACK response information in the present
embodiments;

FIG. 13 is a schematic diagram (5) based on the transmission of HARQ-ACK response information in the present
embodiments;

FIG. 14 is a schematic diagram (6) based on the transmission of HARQ-ACK response information in the present
embodiments;

FIG. 15 is a schematic diagram (7) based on the transmission of HARQ-ACK response information in the present
embodiments;

FIG. 16 is a schematic diagram (8) based on the transmission of HARQ-ACK response information in the present
embodiments;

FIG. 17 is a block diagram based on the format of the uplink control information transmission apparatus in the current
embodiments.

Detailed Description

[0028] This document will hereinafter reference the drawings and describe the present embodiments in detail. It should
be noted that the embodiments of the present disclosure and the features thereof can be combined in a non-conflicting
manner.

[0029] It should be noted that terminology like "first", "second", etc., in the description and claims of the present
embodiments and the accompanying drawings are used only to distinguish like objects, and do not serve to describe
any sequence or pattern.

[0030] The present embodiments provide a method for the transmission of uplink control information. FIG. 1 is a
flowchart based the method of uplink control information transmission outlined in the present embodiments; as shown
in FIG. 1, this method comprises the following steps:

Step S102, receive the downlink information;
Step S104, utilize the predefined PUSCH format to transmit a HARQ-ACK corresponding to the downlink information.

[0031] Wherein, the implementer of the actions in the present embodiments can be a terminal; after the terminal
receives the downlink information, the terminal can utilize the predefined PUSCH format to transmit a HARQ-ACK
corresponding to the downlink information received.

[0032] According to the embodiments, the terminal will use the PUSCH format when transmitting HARQ-ACK. From
this, the embodiments of the present disclosure provide a method for transmitting HARQ-ACK on the PUSCH, and thus
solve the problem in the prior art of not being able to transmit HARQ-ACK on the PUSCH.

[0033] The PUSCH format can comprise many formats. An explanation of the distinction between various PUSCH
formats is provided below:

In an alternative embodiment, when only HARQ-ACK is transmitted, the encoding mode within the PUSCH format is
repetition code.

[0034] In another alternative embodiment, when only HARQ-ACK is transmitted, the modulation mode within the
PUSCH format is preset binary phase-shift keying (BPSK) modulation or quadrature phase-shift keying (QPSK) modu-
lation.

[0035] Alternatively, the preset BPSK modulation can comprise of: first position element modulations with a constel-
lation point of {1, -1}, and second position element modulations with a constellation point of {j, -j}, wherein the first position
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elements comprise elements with an even-numbered position in the modulation sequence, and the second position
elements comprise elements with an odd-numbered position in the modulation sequence, OR wherein the first position
elements comprise elements with an odd-numbered position in the modulation sequence, and the second position
elements comprise elements with an even-numbered position in the modulation sequence.

[0036] Inanother alternative embodiment, when only HARQ-ACK is transmitted, the PUSCH format has a time domain
of X ms and the frequency domain of a single subcarrier.

[0037] Alternatively, the value of the X is predetermined, wherein that predetermined value is 2ms, 3ms, or 4ms; or
larger than 1ms and a multiple or divisor of 12; or, corresponding to the shortest time domain length of the physical
downlink shared channel (PDSCH); or, the shortest time domain length of the PUSCH that is only transmitting data; or,
corresponding to the shortest time domain length for single carrier PUSCH transmission; or, the value of the signaling
indicators, wherein such signaling indicators include atleast one of the following: system information block (SIB) signaling;
radio resource control (RRC) signaling; DCI corresponding to the PUSCH; DCI corresponding to the PDSCH.

[0038] The frequency domain position of a single subcarrier is predetermined; or is indicated by the signaling indicators,
wherein such signaling indicators include at least one of the following: SIB signaling; RRC signaling; DCI corresponding
to the PUSCH; DCI corresponding to the PDSCH.

[0039] Alternatively, when HARQ-ACK and scheduling request (SR) are simultaneously transmitted, PUSCH will first
concatenate HARQ-ACK and SR before encoding them.

[0040] Alternatively, when HARQ-ACK and SR are simultaneously transmitted, PUSCH will employ the first scrambling
sequence; when only HARQ-ACK is transmitted, PUSCH will employ the second scrambling sequence.

[0041] Alternatively, when HARQ-ACK and uplink data are simultaneously transmitted, the PUSCH channels are
interleaved: the encoded HARQ-ACK sequence is mapped to a predefined position on the channel interleaving matrix
according to the order of column then row; or, the encoded HARQ-ACK sequence is mapped to a predefined position
on the interleaving matrix according the order of row then column.

[0042] Alternatively, the mapping of the encoded HARQ-ACK sequence to a predefined position on the interleaving
matrix in the order of column then row comprises: starting at the Y column and using the order of column then row to
map the HARQ-ACK sequence to a predefined position on the interleaving matrix, wherein Y is an integer greater than
or equal to 0.

[0043] Alternatively, the mapping of the encoded HARQ-ACK sequence to a predefined position on the interleaving
matrix in the order of row then column comprises: starting at the Z column and using the order of row then column to
map the encoded HARQ-ACK sequence to a predefined position on the interleaving matrix, wherein Z is an integer
greater than or equal to 0.

[0044] Alternatively, the predefined position is the column {K (j’) +12*i} within the interleaving matrix within the PUSCH
format, wherein the columns are positive integers, and i and j’ are integers greater than or equal to 0.

[0045] Alternatively, the value of i is equal to 0,1,...,N-1; or, i is equal to 0, cell (N/2), 1,cell(N/2)+1,2,cell(N/2)+2, ...,
cell (N/2) -1,N-1; or, i is equal to 0,1, ...,N-1 of any value ; N is equal to the number of orthogonal frequency division
multiplexing (OF DM) symbols corresponding to the PUSCH format divided by 12 and then rounded up to the next whole
integer; the value of K (j’) is equal to 2,3,8,9, wherein the value of j is 1,2,3,4 or, 1,3,2,4 ; or the value of K (') is equal
to 1,2,3,4,5,6, wherein the value of ' is 1,2,3,4,5,6 ; or the value of K (j’) is equal to 1,2,3,4,5,6,7,8,9,10,11,12, wherein
the value j'is 1,2,3,4,5,6,7,8,9,10,11,12.

[0046] It should be noted that the types of PUSCH formats comprise only a few examples; PUSCH formats can be
defined based on specific circumstances, and are not enumerated exhaustively herein.

[0047] Alternatively, receiving downlinkinformation comprises: receiving downlink information in the downlink subframe
{n,...,n+M}; using a predefined PUSCH format to transmit a HARQ-ACK corresponding to the downlink information,
which comprises: transmitting the HARQ-ACK corresponding to the downlink information in the uplink subframe {k,...,k+X-
1}, wherein n is an integer equal to or greater than 0, and M is an integer greater than or equal to 0.

[0048] Alternatively, the value of k comprises one of the following: k=n+4*X ; k=n+M+4 ; the value of k is determined
by at least one of the following: the scheduling window of the downlink information, the position of the downlink information
within the scheduling window, the signaling configuration.

[0049] Alternatively, the preset subframe index corresponding to the uplink subframe k is an integer multiple of X.
[0050] Alternatively, when the value of k is determined by the scheduling window of the downlink information, and the
downlink information is at scheduling window t, the uplink subframe k is located at scheduling window t+2 ; or, when the
value of k is determined by the scheduling window of the downlink information, and the downlink information is at
scheduling window t, the uplink subframe k is located at scheduling window t+1 ; or, when the value of k is determined
by the scheduling window of the downlink information and the position of subframe n+M within the scheduling window,
if the position of subframe n+M is located before subframe L in scheduling window t, then the uplink subframe k is located
at scheduling window t+1, or else it is located at scheduling window t+2; wherein, t is an integer greater than or equal
to 0, and L is a preset positive integer.

[0051] Alternatively, the uplink subframe k that is located within the scheduling window comprises: k is a subframe
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corresponding to the start of the scheduling window; or, k is composed of a subframe corresponding to the start of the
scheduling window plus the first offset, wherein the first offset is determined by at least one of the following: the position
of the downlink information within the scheduling window, the value of X, or the second offset, with the second offset
being configured by signaling.

[0052] The present embodiments will now be explained using specific examples:

Example 1:
[0053] This example primarily explains the transmission of uplink control information in the related art.
Ex. 1, Embodiment 1:

[0054] FIG. 2 describes the processing of PUSCH in the LTE system of related art; as FIG. 2 shows, when processing
is implemented, the data encoding, scrambling, modulation, transmission precoding, and resource unit mapping will
need to be transmitted before the generation of a single carrier frequency-division multiple access (SC-FDMA) symbol
transmission.

Ex. 1, Embodiment 2:

[0055] FIG. 3 is a mapping diagram of a time-frequency domain of PUSCH data and uplink demodulation reference
signal during the conventional cyclic prefix in the LTE system of related art, wherein itis supposed that frequency hopping
between time slots is not enabled, and that there is one physical resource block (PRB) in the frequency domain.

Ex. 1, Embodiment 3:

[0056] FIG 4 is a mapping location diagram of uplink control information when it is transmitted on PUSCH in the LTE
system of related art, wherein the HARQ-ACK response symbol is mapped onto both sides of the uplink demodulation
reference signal.

Ex. 1, Embodiment 4:

[0057] FIG. 5 is a channel coding process diagram describing when uplink control information and uplink data are
multiplexed in the LTE system of related art. Uplink data takes the form of a Transport Block (TB) when it is transmitted;
after TB has undergone cyclic redundancy check (CRC) attachment, code block segmentation, code block CRC attach-
ment, channel coding, rate matching, and code block concatenation, and after encoding of CQI/PMI, the multiplexing of
uplink data and control signaling is i; finally, the encoded HARQ-ACK response information, the RI signaling, and the
data are multiplexed together through channel interleaving, wherein the coding process for the uplink control signaling
is as follows: first, relevant information such as TB block size is used to calculate the target length for the uplink control
signaling transmission, after which channel coding is performed, with the encoded information bits denoted as

ACK ACK _ACK ACK cor Ccor o Col cof RI _RI_RI RI . .
lgo "»ar " q, ,-~>QQACK4] (4, 4 -4, ""’qQ<::g;-1] 9, -9, -9, ,...,qQthl],whereln multi-

plexing the uplink data and the control signaling is cascading the encoded CQI/PMI information and data in the form of
modulation symbol, denoted as [g;,g;,g;,...,g;iwl] The channel interleaving process is to write the encoded

ACKINACK information bits [gy ™ ,¢;"" ,¢;" ,...,g; |1 the Rl information bits, [¢y" ¢, q3" »-. G5, 1]

as well as the {g;}gi,g;,...,g;{ [] after data and control multiplexing into a virtual matrix according to a certain

order, and then read out the virtual matrix according to the order of from row to column, thereby ensuring that in the
subsequent process of mapping the modulation symbols to the physical resources, the HARQ-ACK response information,
RI, CQI/PMI, and data can be mapped to the locations shown in FIG. 4, respectively. The specific process of channel
interleaving is as follows:

(1) first generate a virtual matrix, wherein the size of the virtual matrix is related to PUSCH resource allocation.
(2) According to the order of first writing into the columns and then writing into the rows of the virtual matrix, and

writing from the last row to the first row, write encoded Rl information bits [qé” R qlkl ,qfl yeens qgl _, ] with the form
RE
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of modulation symbols into preset positions for the RI information in the virtual matrix.

(3) Start from the position of the first row and the first column of the virtual matrix, and according to the order of first
column then row, write [gg},g4%,d5,---.d1#1.41] into the virtual matrix; when writing, skip the positions into which RI
information has already been written.

(4) According to the order of first writing into the columns and then writing into the rows of the virtual matrix, and
2y ]
in the form of modulation symbols into the preset ACK/NACK information positions in the virtual matrix; when writing,

writing from the last row to the firstrow, write encoded ACK/NACK information bits [g“* , ¢,"“* , g

if any location already has been written in with [_g;,_g_;,gl,--.,_g_;{_ml} then puncture the data symbol in that
position.

(5) Finally, read out the virtual matrix according to the order of first row then column to obtain the interleaved sequence
in the form of modulation symbols hg h4 hy ,,,hegrr1-

[0058] Wherein the preset positions of the Rl information and the ACK/NACK response message are as shown in
Table 1 and Table 2, wherein Table 1 shows the column set for writing Rl information, and Table 2 shows the column

set for writing ACK/NACK information:

Table 1

Cyclic Prefix Configuration | Column Set

Regular cyclic prefix {1,4,7,10}
Extended cyclic prefix {0, 3, 5, 8}
Table 2

Cyclic Prefix Configuration | Column Set

Regular cyclic prefix {2, 3, 8,9}

Extended cyclic prefix {1,2,6,7}

Example 2:

[0059] The present embodiment and embodiments 3 through 6 describe the methods of the present embodiments:
In the present embodiment, suppose that the HARQ-ACK response information that must be transmitted is a.

Ex. 2, Embodiment 1:

[0060] Transmitting on the PUSCH, use repetition code to obtain the encoded sequence [by,by,...,bg], wherein B is
determined by the modulation order and the number of symbols in the time domain;

Ex. 2, Embodiment 2:

[0061] Transmitting on the PUSCH, scramble encoded sequences using the second scrambling sequence, wherein
the initial value for the second scrambling sequence is # gy - 2%+ q- 2%+ Lns / ZJ *2°+ N,%"” wherein giis equal
to O; or, suppose that only data is transmitted on the PUSCH, and the corresponding initial value for the third scrambling
2%+ Ng” then the initial value for the second scrambling sequence is also 7, * 2’ + N,C[f” .

’ 2

or, suppose that only data is transmitted on the PUSCH, and the corresponding initial value for the fourth scrambling

sequence is pngy *

sequence is vt -ZM +|~nx /2‘}*29 -+ N[Cg” then the initial value for the second scrambling sequence is also

Mgy 2" +LRS /2_!"‘29 +N5" wherein
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nen7is equal to the RNTI value corresponding to PUSCH transmission, Nf;)"” is the cell index, ng is equal to the first

time slot index of the PUSCH transmission; specific scrambling methods are identical to existing mechanisms, and will
not be described further;

Ex. 2, Embodiment 3:

[0062] Transmitting on the PUSCH, use predefined BPSK or QPSK modulation methods, wherein using predefined
BPSK means that the constellation point corresponding to the odd-numbered element in the scrambled sequence is [1,-
1] and that the constellation point corresponding to the even-numbered element is [j,j];

Ex. 2, Embodiment 4:

[0063] Transmitting on the PUSCH, map HARQ-ACK to the time domain X subframes, with a frequency domain of a
single subcarrier; wherein, the value of X is a predetermined value, or is a value indicated by signaling; optimally, the
signaling can include at least one of the following: SIB signal , RRC signal indication, or by the time domain indication
field of the UL DCI signal indication corresponding to the PUSCH; wherein X is equal to the smallest time domain unit
corresponding to the HARQ-ACK transmission, where the length of the time domain corresponding to the transmission
is S*X, wherein S is an integer greater than 0, and S varies according to different coverage levels in the terminal; or, the
value of X is the smallest time domain length corresponding to the PDSCH, or is the smallest time domain length of the
PUSCH when only data is transmitted, or is the smallest time domain length corresponding to single carrier PUSCH
transmission; optimally, when the subcarrier spacing is 15kHz, the smallest time domain length is 8, and when the
subcarrier spacing is 3.75kHz, the smallest time domain length is 32.

[0064] The single subcarrier frequency domain position is predetermined, optimally at both ends of the frequency
band, or at a position indicated by signaling; optimally, undergoing SIB signal indication, RRC signal indication, or DCI
signal indication; or when DCI signal becomes DL DCI, through DL DCI resource field indication, or through DL DCI
subframes, or through the index implied indication of the control channel elements (CCE) corresponding to DL DCI, or
through CCE index joint instructions corresponding to the DL DCI resource indication field and the DL DCI; resource
indication field values vary according to different coverage levels in the terminal; for example, the resource indication
field value corresponding to non-coverage enhanced terminals is [A1,A2,A3,A4], and the resource indication field value
corresponding to coverage/enhanced terminals is [B1,B2,B3,B4];

[0065] For example, when the frequency domain position of a single subcarrier has been indicated by the DL DCI
resource field indication, the size of the resource indication field is determined by one or more of the following: the system
bandwidth, the subcarrier spacing, the number of frequency domain resources in the HARQ-ACK transmission. Or, for
example, supposing that the number of frequency domain resources in the HARQ-ACK transmission is 4, then the
resource indication field is 2 bits.

[0066] Wherein, if the downlink information is an Msg4 message in a contention-based random access process, the
resources corresponding to the HARQ-ACK have been indicated by DCI.

Example 3

[0067] Suppose that the HARQ-ACK response information that must be transmitted is a,, and SR must be transmitted
simultaneously.

Ex. 3, Embodiment 1
[0068] Using the PUSCH format, encode HARQ-ACK and SR after concatenation;
Ex. 3, Embodiment 2

[0069] Using the PUSCH format, begin scrambling with the first scrambling sequence; specifically, the scrambling
method is identical to existing mechanisms, and will not be discussed further; wherein the initial value for the first

scrambling method is 71, ., Ry q- 213 +Lns /(Z*M)—{ x99 4 NICDGH wherein the value of q is 1; specifically,

the scrambling method is identical to existing technique, and will not be discussed further.
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Example 4
Ex. 4, Embodiment 1

[0070] Suppose that if HARQ-ACK and uplink data are simultaneously transmitted, the modulation sequence corre-
sponding to HARQ-ACK is {d,d4,d5,ds,...,d}, the number of single carriers is 4 during data transmission, and the time
domain length is 3ms, the number of columns in the matrix generated by the channel interleaving is 36, and the number
of rows is 4.

[0071] Channel interleaving in the PUSCH maps encoded HARQ-ACK sequences in the order of column then row to
predefined positions in the channel interleaving matrix; suppose Y=0, wherein the predefined position is in column
{K(")+12*i} of the channel interleaving matrix in the PUSCH format, wherein the value of i is 0,1, and 2, the value of K(j’)
is 2,3,8,9, the value of j’ is 1,2,3,4, and the encoded HARQ-ACK sequence is, according to the order of row then column,
sequentially mapped to {2,3,8,9,14,15,20,21,26,27,32,33}in the matrix. Specifically, this mapping is shown in FIG. 6,
where FIG. 6 is schematic diagram (1) based on the HARQ-ACK sequence mapping in the present embodiments;

Ex. 4, Embodiment 2

[0072] Suppose that if HARQ-ACK and uplink data are simultaneously transmitted, the modulation sequence corre-
sponding to HARQ-ACK is {d,d4,d5,ds,...,dy}, the number of single carriers is 4 during data transmission, and the time
domain length is 3ms, the number of columns in the matrix generated by the channel interleaving is 36, and the number
of rows is 4;

[0073] Channel interleaving in the PUSCH maps encoded HARQ-ACK sequences in the order of row then column to
predefined positions in the channel interleaving matrix; suppose Z=0, wherein the predefined position is in column
{K(")+12%i} of the channel interleaving matrix in the PUSCH format, wherein the value of i is 0 and 1, the value of K(j’)
is 2,3,8,9, the value of j’ is 1,2,3,4, and the encoded HARQ-ACK sequence is, according to the order of column then
row, sequentially mapped to {2,3,8,9,14,15,20,21,26,27,32,33}in the matrix. Specifically, this mapping is shown in FIG.
7, where FIG. 7 is schematic diagram (2) based on the HARQ-ACK sequence mapping in the present embodiments;

Ex. 4, Embodiment 3

[0074] Suppose that if HARQ-ACK and uplink data are simultaneously transmitted, the modulation sequence corre-
sponding to HARQ-ACK is {dy,d,d5,d5....,d\y}, the number of single carriers is 3 during data transmission, and the time
domain length is 4ms, then the number of columns in the matrix generated by the channel interleaving is 48, and the
number of rows is 3;

[0075] Channel interleaving in the PUSCH maps encoded HARQ-ACK sequences in the order of row then column to
predefined positions in the channel interleaving matrix; suppose Z=0, wherein the predefined position is in column
{K(")+12%i} of the channel interleaving matrix in the PUSCH format, wherein the value of i is 0,2,1,3, the value of K(j’) is
2,3,8,9, the value of j’ is 1,2,3,4, and the encoded HARQ-ACK sequence is, according to the order of column then row,
sequentially mapped to{2,3,8,9, 26,27,32,33,14,15,20,21,38,39,44,45} in the matrix. Specifically, this mapping is shown
in FIG. 8, where FIG. 8 is schematic diagram (3) based on the HARQ-ACK sequence mapping in the present embodiments;

Ex. 4, Embodiment 4

[0076] Suppose that if HARQ-ACK and uplink data are simultaneously transmitted, the modulation sequence corre-
sponding to HARQ-ACK is {dy,d,d5,d5,...,d\4}, the number of single carriers is 3 during data transmission, and the time
domain length is 4ms, then the number of columns in the matrix generated by the channel interleaving is 48, and the
number of rows is 3;

[0077] Channel interleaving in the PUSCH maps encoded HARQ-ACK sequences in the order of row then column to
predefined positions in the channel interleaving matrix; suppose Z=0, wherein the predefined position is in column
{K(")+12*i} of the channel interleaving matrix in the PUSCH format, wherein the value of i is 0, the value of K(j’) is
1,2,3,4,5,6,7,8,9,10,11,12, the value of j’ is 1,2,3,4,5,6,7,8,9,10,11,12, and the encoded HARQ-ACK sequence is, ac-
cording to the order of column then row, sequentially mapped to {1,2,3,4,5,6,7,8,9,10,11,12} in the matrix;

Ex. 4, Embodiment 5
[0078] Suppose that if HARQ-ACK and uplink data are simultaneously transmitted, the modulation sequence corre-

sponding to HARQ-ACK is {dy,d,d5,d5,...,d\y}, the number of single carriers is 3 during data transmission, and the time
domain length is 4ms, then the number of columns in the matrix generated by the channel interleaving is 48, and the
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number of rows is 3;

[0079] Channel interleaving in the PUSCH maps encoded HARQ-ACK sequences in the order of row then column to
predefined positions in the channel interleaving matrix; suppose Z=0, wherein the predefined position is in column
{K(")+12*} of the channel interleaving matrix in the PUSCH format, wherein the value of i is 0, the value of K(j’) is
1,2,3,4,5,6, the value of j’ is 1,2,3,4,5,6, and the encoded HARQ-ACK sequence is, according to the order of column
then row, sequentially mapped to {1,2,3,4,5,6} in the matrix;

Example 5
Ex. 5, Embodiment 1

[0080] Assume that the terminal receives the downlink data information in the downlink subframe {n,...,n+3} and
transmits the HARQ-ACK response information that corresponds to the downlink information in the uplink subframe
{k,....k+1};

[0081] Since k=n+4*X and X=2, the corresponding HARQ-ACK response information is transmitted in the subframe
{n+8, n+9}; as is shown in FIG. 9, where FIG. 9 is a schematic diagram (1) based on the transmission of HARQ-ACK
response information in the present embodiments;

Ex. 5, Embodiment 2

[0082] Assume that the terminal receives the downlink data information in the downlink subframe {n,...,n+1} and
transmits the HARQ-ACK response information that corresponds to the downlink information in the uplink subframe
{k,....k+1};

[0083] Since k=n+M+4 and M=1, the corresponding HARQ-ACK response information is transmitted in the subframe
{n+5, n+6}; as is shown in FIG. 10, where FIG. 10 is a schematic diagram (2) based on the transmission of HARQ-ACK
response information in the present embodiments;

Ex. 5, Embodiment 3

[0084] Assume that the terminal receives the downlink data information in the downlink subframe {0,1} and transmits
the HARQ-ACK response information that corresponds to the downlink information in the uplink subframe {k,...,k+1};
[0085] Since k has undergone signal configuration through the indication control domain of the DL DCI and the terminal
has obtained k=5 through the indication control domain, the corresponding HARQ-ACK response information is trans-
mitted in the subframe {5, 6}; as is shown in FIG. 11, where FIG. 11 is a schematic diagram (3) based on the transmission
of HARQ-ACK response information in the present embodiments, wherein the size of the first indication control field is
H bits, and H is an integer greater than 0.

Ex. 5, Embodiment 4

[0086] Assume that the terminal receives the downlink data information in the downlink subframe {0,1} and transmits
the HARQ-ACK response information that corresponds to the downlink information in the uplink subframe {k,...,k+1};
[0087] Since k has undergone signal configuration through the indication control domain of the DL DCI and the preset
subframe index of subframe k is an integer multiple of X, and the terminal has obtained k=5 through the indication control
domain; and since the preset subframe index corresponding to subframe 5 is not an integer multiple of two (the preset
subframe index is obtained through the subframe sequence number, which begins at subframe g; in the present em-
bodiment, since the preset subframe g is subframe 0, the preset subframe index is numbered from 0, and subframes
that are integer multiples of X are subframes with the index 0, 2, 4, 6, 8), the corresponding HARQ-ACK response
information is transmitted in the subframe {6, 7}; as is shown in FIG. 12, where FIG. 12 is a schematic diagram (4) based
on the transmission of HARQ-ACK response information in the present embodiments, wherein the size of the first
indication control field is H bits, and H is an integer greater than 0. It is also possible that the base station, when it
configures k, can take into consideration the fact that the preset subframe index of subframe k is an integer multiple of
X, and configure k to equal 6.

Ex. 5, Embodiment 5
[0088] Assuming that the scheduling window length is 30ms, and that the terminal receives the downlink information

atschedulingwindow 0 in the downlink subframe {5,6} in radio frame 2 and transmits the HARQ-ACK response information
that corresponds to the downlink information in the uplink subframe {k,...,k+1};
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[0089] Since the value of k is determined by the scheduling window of the downlink information and the downlink
information is at scheduling window t, the uplink subframe k is located within scheduling window t+2, and the position
within the scheduling window is the initial position of the scheduling window; thus the terminal transmits HARQ-ACK
response information at radio frame 6 sub frame {0,1} corresponding to the beginning of scheduling window 2; as is
shown in FIG. 13, where FIG. 13 is a schematic diagram (5) based on the transmission of HARQ-ACK response infor-
mation in the present embodiment; or the terminal transmits HARQ-ACK response information at radio frame 6 sub
frame {0,1} corresponding to the beginning of scheduling window 1.

Ex. 5, Embodiment 6

[0090] Assuming that the scheduling window length is 30ms, and that the terminal receives the downlink information
atschedulingwindow 0 in the downlink subframe {5,6} in radio frame 2 and transmits the HARQ-ACK response information
that corresponds to the downlink information in the uplink subframe {k,...,k+1};

[0091] Since the value of k is determined by the scheduling window of the downlink information and the downlink
information is at scheduling window t, the uplink subframe k is located within scheduling window t+1 and the position
within the scheduling window is determined by the initial position of the scheduling window and the first offset, wherein
the first offset is determined by the position of the downlink information within the scheduling window; thus the terminal
transmits HARQ-ACK response information at radio frame 5 sub frame {5,6} corresponding to the beginning of scheduling
window 1; as is shown in FIG. 14, where FIG. 14 is a schematic diagram (6) based on the transmission of HARQ-ACK
response information in the present embodiments;

Ex. 5, Embodiment 7

[0092] Assuming that the scheduling window length is 30ms, and that the terminal receives the downlink information
atschedulingwindow 0 in the downlink subframe {5,6} in radio frame 2 and transmits the HARQ-ACK response information
that corresponds to the downlink information in the uplink subframe {k,...,k+1};

[0093] Since the value of k is determined by the scheduling window of the downlink information and the downlink
information is at scheduling window t, the uplink subframe k is located within scheduling window t+1, and the position
within the scheduling window is determined by the initial position of the scheduling window and the first offset, and since
the preset subframe index of subframe k is an integer multiple of X, wherein the first offset is determined by the position
of the downlink information within the scheduling window; thus the terminal transmits HARQ-ACK response information
at radio frame 5 sub frame {5,6} corresponding to the beginning of scheduling window 1, and since the preset subframe
index corresponding to subframe 5 is not an integer multiple of two (the preset subframe index is obtained through the
subframe sequence number, which begins at subframe g; in the present embodiment, since the preset subframe g is
the initial subframe for scheduling window 1 (i.e., radio subframe 3, subframe 0), the preset subframe index is numbered
from radio frame 3, subframe 0; thus subframes that are integer multiples of X are subframes 3, 4, 5 with the subframe
index of 0, 2, 4, 6, 8), the terminal transmits the HARQ-ACK response information at the subframe {6, 7} in radio subframe
5 corresponding to scheduling window 1; alternatively, when the base station is scheduling PDSCH, it can take into
consideration the fact that the transmission of HARQ-ACK response information must satisfy the requirement that the
preset subframe index of the initial subframe k must be an integer multiple of x; the base station can then transmit
downlink data information in the downlink subframe {6,7} in the radio subframe 2 at scheduling window 0, and the terminal
can transmit HARQ-ACK response information at {5,6} in radio subframe 5 at scheduling window 1.

Ex. 5, Embodiment 8

[0094] Assuming that the scheduling window length is 30ms, and that the terminal receives the downlink information
atschedulingwindow 0 in the downlink subframe {5,6} in radio frame 2 and transmits the HARQ-ACK response information
that corresponds to the downlink information in the uplink subframe {k,...,k+1};

[0095] Since the value of k is determined by the scheduling window of the downlink information and the downlink
information is at scheduling window t, the uplink subframe k is located within scheduling window t+1 and the position
within the scheduling window is determined by the initial position of the scheduling window and the first offset, wherein
the first offset is determined by the position of the downlink information within the scheduling window and the second
offset, with the second offset signaling, the signaling being the second indication control field in the DCI corresponding
to the downlink data. Since the value of the second indication control field is 01, the second offset is obtained based on
the relationship between the second predefined indication control field and the second offset. Table 3 shows the rela-
tionship between the second indication control field and the second offset, wherein the second offset shifts two subframes
backward and the terminal transmits HARQ-ACK response information at subframe {7, 8} in radio frame 5 at scheduling
window 1; as is shown in FIG. 15, where FIG. 15 is a schematic diagram (7) based on the transmission of HARQ-ACK
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response information in the present embodiments;

Table 3
second Indication Control Field | second Offset
00 No offset
01 Backward offset by N subframes
10 Backward offset by 2N subframes
11 Forward offset by N subframes

[0096] Wherein N is equal to 1 subframe or is equal to X subframes. Table 11 is only an illustration, and all such
illustrations that describe second offsets indicated by the second indication control field fall under the protection of the
present embodiments, i.e., Table 4, which describes the relationship between the second indication control field and the
second offset.

1 Translator’s note: "Table 1" in original

Table 4
second Indication Control Field | second Offset
00 No offset
01 Forward offset by N frames
10 Forward offset by 2N frames
11 Backward offset by N frames

Ex. 5, Embodiment 8

[0097] Assuming that the scheduling window length is 30ms, and that the terminal receives the downlink information
atschedulingwindow 0 in the downlink subframe {5,6} in radio frame 2 and transmits the HARQ-ACK response information
that corresponds to the downlink information in the uplink subframe {k,...,k+1};

[0098] Since the value of k is determined by the scheduling window of the downlink information and the position of
subframe n+M within the scheduling window, if subframe n+M is located before subframe L within scheduling window
t, then the uplink subframe k is located at scheduling window t+1, otherwise the uplink subframe k is located at scheduling
window t+2; wherein it is assumed that its position within the scheduling window is the initial position of the scheduling
window, with L=3; since the downlink subframe 6 is located before subframe 3 at scheduling window 0 in radio frame
2, the corresponding subframe 0 in radio frame 3 begins to transmit the HARQ-ACK at the beginning of scheduling
window 1; as is shown in FIG. 16, where FIG. 16 is a schematic diagram (8) based on the transmission of HARQ-ACK
response information in the present embodiments;

Example 6

[0099] Suppose the terminal must transmit HARQ-ACK at subframe {n+e,...,n+f}, and must transmit uplink data at
subframe {n+g,...,n+v}, wherein e, f, g, v are integers greater than or equal to 0.

Ex. 6, Embodiment 1
[0100] If subframe n+g is located between subframe n+e and subframe n+f, the terminal does not transmit uplink data;
Ex. 6, Embodiment 2

[0101] Since subframe n+e is located between subframe n+g and n+v, the terminal will begin the HARQ-ACK trans-
mission from subframe n+e;
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Ex. 6, Embodiment 3

[0102] Since subframe n+e is located between subframe n+g and n+v, the terminal will begin mapping the HARQ-
ACK onto the data for transmission from subframe n+e;

Ex. 6, Embodiment 4

[0103] Since subframe n+e is located between subframe n+g and n+v, the terminal will begin transmitting HARQ-ACK
and uplink data from subframe n+e; or, the terminal will begin transmitting HARQ-ACK and uplink data from subframe n+g;

Ex. 6, Embodiment 5

[0104] Since subframe n+g is located between subframe n+e and n+f, the terminal will begin transmitting HARQ-ACK
and uplink data from subframe n+e; or, the terminal will begin transmitting HARQ-ACK and uplink data from subframe n+g.
[0105] With this description of the present embodiments, it will be apparent to anyone skilled in the art that the methods
of the present embodiments can be implemented with the aid of software and the required hardware platform; of course,
hardware can also be used, but in many cases the use of a hardware platform is a better method. In light of this, the
contributions of the present embodiments take the shape of software products, either essentially or in addition to the
prior art, which can be stored in storage mediums (e.g., ROM/RAM, magnetic disk, or optical disk), including a few
instructions on how to make terminal equipment (e.g., cell phone, computer, server, or network equipment, etc.) in order
to implement the methods of the present embodiments.

[0106] The embodiments of the present disclosure also describe an apparatus for the transmission of uplink control
information used to implement the embodiments with the optimal methods; what has already been explained will not be
discussed further. As used herein, the term "module" may refer to a combination of software and/or hardware with a set
function. Although the apparatus described herein is better implemented with software, the use of hardware for imple-
mentation, or the use of a combination of hardware and software for implementation is also conceivable.

[0107] FIG. 17 is a block diagram based on the format of the uplink control information transmission apparatus in the
current embodiments. As FIG. 17 shows, the apparatus comprises a receiver module 172 and a transmitter module 174,
as described below:

[0108] Receiver module 172 is set up to receive downlink information; transmitter module 174 is connected to the
receiver module 172 and is set up use the PUSCH format to transmit a HARQ-ACK corresponding to the downlink
information.

[0109] The PUSCH format can comprise many formats. An explanation of the distinction between varying PUSCH
formats is provided below:

In an alternative embodiment, when only HARQ-ACK is transmitted, the encoding mode within the PUSCH format is
repetition code.

[0110] In another alternative embodiment, when only HARQ-ACK is transmitted, the modulation mode within the
PUSCH format is preset binary phase-shift keying (BPSK) modulation or quadrature phase-shift keying (QPSK) modu-
lation.

[0111] Alternatively, the preset BPSK comprises: first position element modulations with a constellation point of {1,
-1}, and second position element modulations with a constellation point of {j, -j}, wherein the first position elements
comprise elements with an even-numbered position in the modulation sequence, and the second position elements
comprise elements with an odd-numbered position in the modulation sequence, OR wherein the first position elements
comprise elements with an odd-numbered position in the modulation sequence, and the second position elements
comprise elements with an even-numbered position in the modulation sequence.

[0112] Alternatively, when only HARQ-ACK is transmitted, the PUSCH format has a time domain of X milliseconds
(ms) and the frequency domain of a single subcarrier.

[0113] Alternatively, the value of the X is predetermined, wherein that predetermined value is 2ms, 3ms, or 4ms; or
larger than 1ms and a multiple or divisor of 12; or, corresponding to the shortest time domain length of the physical
downlink shared channel (PDSCH); or, the shortest time domain length of the PUSCH that is only transmitting data; or,
corresponding to the shortest time domain length for single carrier PUSCH transmission; or, the value of the signaling
indicators, wherein such signaling indicators include atleast one of the following: system information block (SIB) signaling;
radio resource control (RRC) signaling; DCI corresponding to the PUSCH; DCI corresponding to the PDSCH.

[0114] Alternatively, the frequency domain position of a single subcarrier is predetermined; or is indicated by the
signaling indicators, wherein such signaling indicators include at least one of the following: SIB signaling; RRC signaling;
DCI corresponding to the PUSCH; DCI corresponding to the PDSCH.

[0115] Alternatively, when HARQ-ACK and scheduling request (SR) are simultaneously transmitted, PUSCH will first
concatenate HARQ-ACK and SR before encoding them.
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[0116] Alternatively, when HARQ-ACK and SR are simultaneously transmitted, PUSCH will employ the first scrambling
sequence; when only HARQ-ACK is transmitted, PUSCH will employ the second scrambling sequence.

[0117] Alternatively, when HARQ-ACK and uplink data are simultaneously transmitted, the PUSCH channels are
interleaved as follows: the encoded HARQ-ACK sequence is mapped to a predefined position on the channel interleaving
matrix according to the order of column then row; or, the encoded HARQ-ACK sequence is mapped to a predefined
position on the interleaving matrix according the order of row then column.

[0118] Alternatively, the mapping of the encoded HARQ-ACK sequence to a predefined position on the interleaving
matrix in the order of column then row comprises: starting at the Y column and using the order of column then row to
map the HARQ-ACK sequence to a predefined position on the interleaving matrix, wherein Y is an integer greater than
or equal to 0.

[0119] Alternatively, the mapping of the encoded HARQ-ACK sequence to a predefined position on the interleaving
matrix in the order of row then column comprises: starting at the Z column and using the order of row then column to
map the encoded HARQ-ACK sequence to a predefined position on the interleaving matrix, wherein Z is an integer
greater than or equal to 0.

[0120] Alternatively, the predefined position is the column {K (j’) +12*i} within the interleaving matrix within the PUSCH
format, wherein the columns are positive integers, and i and j’ are integers greater than or equal to 0.

[0121] Alternatively, the value of i is equal to 0,1,...,N-1; or, i is equal to 0, cell (N/2), 1,cell(N/2)+1,2,cell(N/2)+2, ...,
cell (N/2) -1,N-1; or, i is equal to 0,1, ...,N-1 of any value ; N is equal to the number of orthogonal frequency division
multiplexing (OF DM) symbols corresponding to the PUSCH format divided by 12 and then rounded up to the next whole
integer; the value of K (j’) is equal to 2,3,8,9, wherein the value of j' is 1,2,3,4 or, 1,3,2,4 ; or the value of K (') is equal
to 1,2,3,4,5,6, wherein the value of ' is 1,2,3,4,5,6 ; or the value of K (j’) is equal to 1,2,3,4,5,6,7,8,9,10,11,12, wherein
the value j'is 1,2,3,4,5,6,7,8,9,10,11,12.

[0122] It should be noted that the few types of PUSCH format comprise only a few examples; PUSCH formats can be
defined based on specific circumstances, and are not enumerated exhaustively herein.

[0123] Alternately, the receiver module 172 can comprise a receiver unit configured to receive downlink information
in the downlink subframe {n,...,n+M}; the transmitter module 174 can comprise a transmitter unit configured to transmit
HARQ-ACK corresponding to the downlink information in the uplink subframe {k,...,.k+X-1}, wherein nis an integer greater
than or equal to 0, and M is an integer greater than or equal to 0.

[0124] Alternatively, the value of k comprises one of the following: k=n+4*X ; k=n+M+4 ; the value of k is determined
by atleast one of the following: the scheduling window of the downlink information, the position of the downlink information
within the scheduling window, the signaling configuration.

[0125] Alternatively, the preset subframe index corresponding to the uplink subframe k is an integer multiple of X.
[0126] Alternatively, when the value of k is determined by the scheduling window of the downlink information, and the
downlink information is at scheduling window t, the uplink subframe k is located at scheduling window t+2 ; or, when the
value of k is determined by the scheduling window of the downlink information, and the downlink information is at
scheduling window t, the uplink subframe k is located at scheduling window t+1 ; or, when the value of k is determined
by the scheduling window of the downlink information and the position of subframe n+M within the scheduling window,
if the position of subframe n+M is located before subframe L in scheduling window t, then the uplink subframe k is located
at scheduling window t+1, or else it is located at scheduling window t+2; wherein, t is an integer greater than or equal
to 0, and L is a preset positive integer.

[0127] Alternatively, the uplink subframe k that is located within the scheduling window comprises: k is a subframe
corresponding to the start of the scheduling window; or, k is composed of a subframe corresponding to the start of the
scheduling window plus the first offset, wherein the first offset is determined by at least one of the following: the position
of the downlink information within the scheduling window, the value of X, or the second offset, with the second offset
being configured by signaling.

[0128] It should be noted that the module can use either software or hardware for implementation; as for the latter, it
can utilize, but is not limited to, the following method: situate the modules within the same processor; or, separate the
modules into multiple processors.

[0129] The embodiments of the present disclosure also describe a storage medium. Alternatively, the storage medium
of the present embodiments can be configured to store program code for the implementation of the following steps:

S1, receive downlink information;
S2, use the predefined PUSCH format to transmit HARQ-ACK corresponding to the downlink information.

[0130] Alternatively, the storage medium of the present embodiments can comprise, but not be limited to: U disk,
Read-Only Memory (ROM), Random Access Memory (RAM), a removable hard disk, a magnetic disk, an optical disk,
or any other type of memory that can store program code.

[0131] Alternatively, the processor of the present embodiments uses program code already stored in the storage
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medium to perform operations to carry out the methods outlined in the present embodiments.

[0132] Alternatively, the specific examples of the present embodiment may refer to the embodiments already described,
or to the examples within those descriptions, and will not be further described.

[0133] It will be most apparent to those skilled in the craft that each module or each step of the present embodiments
can be carried out with a general computing apparatus, and that they can be situated on the same computing apparatus,
or can be dispersed over a network of multiple computing apparatus; alternatively, the modules and steps of the present
embodiments can use program code that the computing apparatus implements, and thus can be stored on a storage
medium from which they can be implemented by a computing apparatus, which in some cases will use a different
sequence or different steps from those described herein, or will make them into different integrated circuit modules, or
will turn the various modules and steps that exist among them into a single integrated circuit module. In this way, the
present invention is not limited to any one combination of software and hardware.

[0134] What has been described here are only the optimal embodiments of the present invention, and are not meant
to limit its claims. For those skilled in the related art, the present invention could undergo any number of alterations or
changes. Any and all modifications, equivalent substitutions, improvements, etc., which are within the spirit and principles
of the present embodiments, should be included within the scope of the present invention.

Industrial Applicability

[0135] As is stated below, implementation of the present embodiments, which provides a method and apparatus for
the transmission of uplink control information, has the following benefits: solves the problem in the related art of not
being able to transmit HARQ-ACK on the PUSCH through its ability to transmit HARQ-ACK on the PUSCH.

Claims
1. A method for the transmission of uplink control information comprises:

Receiving downlink information ;
Transmitting the hybrid automatic repeat request-acknowledgment (HARQ-ACK) corresponding to the downlink
information using the predefined physical uplink shared channel (PUSCH) format.

2. The method of claim 1, wherein when only HARQ-ACK is transmitted, the encoding mode within the PUSCH format
is repetition code.

3. The method of claim 1, wherein when only the HARQ-ACK is transmitted, the modulation mode within the PUSCH
format is preset binary phase-shift keying (BPSK) modulation or quadrature phase-shift keying (QPSK) modulation.

4. The method of claim 3, wherein the preset BPSK comprises: first position element modulations with a constellation
point of {1, -1}, and second position element modulations with a constellation point of {j, -j}, wherein the first position
elements comprise elements with an even-numbered position in the modulation sequence, and the second position
elements comprise elements with an odd-numbered position in the modulation sequence, or wherein the first position
elements comprise elements with an odd-numbered position in the modulation sequence, and the second position
elements comprise elements with an even-numbered position in the modulation sequence.

5. The method of claim 1, wherein when only HARQ-ACK is transmitted, the PUSCH format has a time domain of X
milliseconds (ms) and the frequency domain of a single subcarrier.

6. The method of claim 5, wherein the value of X is:

a predetermined value, wherein that predetermined value is 2ms, 3ms, or 4ms; or larger than 1ms and a multiple
or divisor of 12; or,

corresponding to the shortest time domain length of the physical downlink shared channel (PDSCH); or,

the shortest time domain length of the PUSCH that is only transmitting data; or,

corresponding to the shortest time domain length for single carrier PUSCH transmission; or,

the value of the signaling indicators, wherein such signaling indicators include at least one of the following:
system information block (SIB) signaling; radio resource control (RRC) signaling; DCI corresponding to the
PUSCH; DCI corresponding to the PDSCH.
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The method of claim 5, wherein the frequency domain position of a single subcarrier is predetermined; or is indicated
by the signaling indicators, wherein such signaling indicators include at least one of the following: SIB signaling;
RRC signaling; DCI corresponding to the PUSCH; DCI corresponding to the PDSCH.

The method of claim 1, wherein at the time HARQ-ACK and scheduling request (SR) are simultaneously transmitted,
PUSCH will first concatenate HARQ-ACK and SR before encoding them.

The method of claim 1, wherein at the time HARQ-ACK and SR are simultaneously transmitted, PUSCH will employ
the first scrambling sequence; when only HARQ-ACK is transmitted, PUSCH will employ the second scrambling
sequence.

The method of claim 1, wherein at the time HARQ-ACK and uplink data are simultaneously transmitted, the PUSCH
channels are interleaved:

the encoded HARQ-ACK sequence is mapped to a predefined position on the channel interleaving matrix according
to the order of column then row; or, the encoded HARQ-ACK sequence is mapped to a predefined position on the
interleaving matrix according the order of row then column.

The method of claim 10, wherein the mapping of the encoded HARQ-ACK sequence to a predefined position on
the interleaving matrix in the order of column then row comprises: starting at the Y column and using the order of
column then row to map the HARQ-ACK sequence to a predefined position on the interleaving matrix, wherein Y is
an integer greater than or equal to 0.

The method of claim 10, wherein the mapping of the encoded HARQ-ACK sequence to a predefined position on
the interleaving matrix in the order of row then column comprises: starting at the Z column and using the order of
row then column to map the encoded HARQ-ACK sequence to a predefined position on the interleaving matrix,
wherein Z is an integer greater than or equal to 0.

The methods of claims 11 or 12, wherein the predefined position is the column {K (j’) +12*i} within the interleaving
matrix within the PUSCH format, wherein the columns are positive integers, and i and j’ are integers greater than
or equal to 0.

The method of claim 13, wherein the value of i is equal to 0,1,..,N-1, or, i is equal to 0, cell (N/2),
1,cell(N/2)+1,2,cell(N/2)+2, ..., cell (N/2) -1,N-1, or, i is equal to 0,1, ...,N-1 of any value ; N is equal to the number
of orthogonal frequency division multiplexing (OFDM) symbols corresponding to the PUSCH format divided by 12
and then rounded up to the next whole integer;

the value of K (j’) is equal to 2,3,8,9, wherein the value of j’ is 1,2,3,4 or, 1,3,2,4 ; or the value of K (j’) is equal to
1,2,3,4,5,6, wherein the value of j’ is 1,2,3,4,5,6 ; or the value of K (j’) is equal to 1,2,3,4,5,6,7,8,9,10,11,12, wherein
the value ofj’ is 1,2,3,4,5,6,7,8,9,10,11,12.

The method of claim 5, wherein the method comprises:
receiving downlink information, which comprises: receiving downlink information in the downlink subframe
{n,...,n+M};
using a predefined PUSCH format to transmit a HARQ-ACK corresponding to the downlink information, which
comprises: transmitting the HARQ-ACK corresponding to the downlink information in the uplink subframe

{k,....k+X-1}, wherein n is an integer equal to or greater than 0, and M is an integer greater than or equal to 0.

The method of claim 15, wherein the value of k comprises one of the following:

k=n+4*X;

k=n+M+4 ;

the value of k is determined by at least one of the following: the scheduling window of the downlink information, the
position of the downlink information within the scheduling window, the signaling configuration.
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17. The method of claims 15 or 16, wherein the preset subframe index corresponding to the uplink subframe k is an
integer multiple of X.

18. The method of claim 16, wherein:

when the value of k is determined by the scheduling window of the downlink information, and the downlink
information is at scheduling window t, the uplink subframe k is located at scheduling window t+2 ; or,

when the value of k is determined by the scheduling window of the downlink information, and the downlink
information is at scheduling window t, the uplink subframe k is located at scheduling window t+1 ; or,

when the value of k is determined by the scheduling window of the downlink information and the position of
subframe n+M within the scheduling window, if the position of subframe n+M is located before subframe L in
scheduling window t, then the uplink subframe k is located at scheduling window t+1, or else is located at
scheduling window t+2 ;

wherein, t is an integer greater than or equal to 0, and L is a preset positive integer.

19. The method of claim 18, wherein the uplink subframe k that is located within the scheduling window comprises: k
is a subframe corresponding to the start of the scheduling window; or, k is composed of a subframe corresponding
to the start of the scheduling window plus the first offset, wherein the first offset is determined by at least one of the
following: the position of the downlink information within the scheduling window, the value of X, or the second offset,
with the second offset being configured by signaling.

20. An apparatus for the transmission of uplink control information, comprising: :
a receiver module configured to receive downlink information;

a transmitter module configured to use the predefined PUSCH format to transmit a HARQ-ACK corresponding
to the downlink information.
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